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reflected by interior wall 26 back to sonarhead 30. Sonarhead 
30 detects the acoustic waves and measures the elapsed time 
between transmission of the acoustical energy and detection 
of the acoustic waves. From elapsed time measurements, the 
distance from the sonar head to the interior wall and back in 
a certain direction can be determined, allowing determination 
of the location of interior wall 26 relative to sonar head 30. 
Additional embodiments can incorporate a light source. Such 
as a laser Source. This laser source can be used instead of the 
sonarhead 30 or in conjunction with sonarhead 30. The laser 
source can transmit a light beam toward interior wall 26 that 
can be reflected by interior wall 26 and detected by caliper 10. 
Again, by measuring the elapsed time between transmission 
and detection of the light, the distance from the laser source to 
the interior wall 26 in a certain direction can be determined, 
allowing determination of the location of the interior wall 26. 

In one embodiment, caliper 10 includes a motor (not 
shown). In one embodiment, caliper 10 includes gears and 
shafts for enabling the motor to rotate sonar head 30. In 
various embodiments, caliper 10 can include one or more of 
the following; gyroscope stabilizer 32, internal inclinometer 
34, internal compass 36, and pressure measuring device. A 
pressure measuring device can measure the pressure of the 
caliper's environment in the fluid in the formation, where the 
pressure is a function of the depth and density of the fluid and 
can, for example, be used to provide the density of the fluid 
when the depth is known. In one embodiment, as caliper 10 is 
raised or lowered in borehole 12, current is supplied to the 
motor via cable 14 which connects caliper 10 to a generator 
(not shown) on ground level 24. Other electrical signals can 
travel down cable 14 and/or cable 18. In one embodiment, 
sonar head 30 is rotated by the motor as caliper 10 advances 
along borehole axis 38. Acoustic pulses emitted from sonar 
head 30 along borehole radius 40 can scan borehole wall 
surfaces 26 with such pulses emitted either as the caliper 10 
with sonar head 30 is continuously raised or lowered, or at 
multiple fixed depths of the borehole that the sonarhead 30 is 
sequentially raised or lowered to. By rotating sonarhead 30 as 
the caliper 10 is raising or lowering, a spiral or helical pattern 
of measurements can be accomplished, while allowing con 
tinuous movement of the caliper 10 and the sonar head. 

The speed of the caliper 10 raising or lowering can be 
varied with time when, for example, it is desired to have more 
or fewer measurements of a certain portion of the borehole. 
Likewise, the rotation speed of the caliper head 10 can vary 
with time if, for example, it is desired to have more or fewer 
measurements of a certain portion of the borehole. A portion 
of the energy from each acoustic pulse, or laser pulse, is 
reflected by wall surface 26 of borehole 12 along radius 40 
back toward sonar head 30, which detects the reflected 
energy. The reflections contain information relating to the 
topographic features and contours of walls 26 of borehole 12. 
The number of measurements per unit area of bore hole wall 
26 can be controlled by controlling the speed of raising and/or 
lowering sonar head 30 and/or controlling the rotation speed 
ofsonarhead 30. In an embodiment, Sonarhead 30 rotates one 
full rotation between advancement intervals of caliper 10 
along borehole axis 38. In this case, information is gathered in 
planar fields at discrete locations along axis 38. 

In one embodiment, electronic modules (not shown) on 
ground level 24 transmit operating commands down borehole 
12 and in return, receives data back that may be recorded on 
a storage medium of any desired type for concurrent or later 
manual or automated processing. Data processor means, such 
as a suitable computer, may be provided for performing data 
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4 
analysis in the field in real time. In addition or in the alterna 
tive, the recorded data may be sent to a processing center for 
post processing of the data. 

Because borehole 12 may contain a fluid that changes in 
density with changes in depth or other position, caliper 10 can 
be calibrated to take these changes into effect. In one embodi 
ment, because the distance between sonar head 30 and each 
guide cable 18 is known and constant during a particular 
operation, a pulse can be directed at a guide cable 18 and the 
time lapse between transmission and detection measured. 
Changes in return speed at different positions along axis 38 
can be used to calibrate caliper 10 to take fluid properties into 
account to improve the accuracy of the measurement of the 
distance from the sonarhead 30 to the walls 26. In an embodi 
ment, a pulse can be reflected from cable 18 for each rotation 
of the sonar head 30 to provide calibration of the speed of 
Sound and/or light in the Surrounding material for that depth. 
In another embodiment, a Sonarpulse and a laser pulse can be 
reflected from a known location on or near the walls 26 and 
the difference in the speed of sound and the speed of light in 
the Surrounding material can be used to calibrate the mea 
Surement results for the Surrounding material. 

In one embodiment, multiple excitation frequencies are 
available from which the operator can choose, depending on 
factors such as the type and properties of fluid in borehole 12. 
The choice of excitation frequency is a compromise between 
the need for signal penetration through the borehole fluid 
using a longer-wavelength, lower frequency pulse, more 
acoustic energy (the borehole fluid can have undesirably 
attenuating effects at higher pulse frequencies) and the need 
for spatial resolution that is achievable using shorter wave 
lengths albeit at the expense of higher signal transmission 
losses. Embodiments can utilize multiple frequencies during 
the same measurement. A specific embodiment of the inven 
tion pertains to measuring the physical characteristics of a 
borehole having a diameter between 1.5 feet and 20 feet, and 
in another embodiment between 3 feet and 12 feet. In one 
specific embodiment, an excitation frequency in the range 50 
kHz-300 kHz is used; in another specific embodiment, an 
excitation frequency in the range 500 kHz-800 kHz is used; 
and in a further specific embodiment, an excitation frequency 
in the range 1.0 MHz-1.5 MHz is used. 

In one embodiment, an inclinometer 42, can be attached to 
the end, or other location, of cable 18, rather than merely 
weights. Thus, if guide cables 18 are notable to hang freely, 
inclinometers 42 can provide an output signal indicative of 
the orientation of the end of each guide cable 18 in the bore 
hole 12. This situation may be encountered where borehole 
12 is not sufficiently vertical, with respect to gravity, for 
example. 

All patents, patent applications, provisional applications, 
and publications referred to or cited herein are incorporated 
by reference in their entirety, including all figures and tables, 
to the extent they are not inconsistent with the explicit teach 
ings of this specification. 

It should be understood that the examples and embodi 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
Suggested to a person skilled in the art and are to be included 
within the spirit and purview of this application. For example, 
while the use of Sonar energy has been described, it is con 
templated that the apparatus and method can be adapted to use 
laser energy, for example. 
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What is claimed is: 
1. An apparatus for investigating a formation, comprising: 
a caliper adapted to be suspended into a formation Such that 

an axis of the caliper is substantially parallel with the 
longitudinal axis of the formation, wherein the caliper 
comprises: 

a transmitter for transmitting a transmitted pulse signal; 
a detector for detecting a reflected pulse signal, wherein the 

reflected pulse signal is the transmitted pulse signal 
reflected from a target location on a surface of the for 
mation onto which the transmitted pulse signal is inci 
dent; 

a means for determining the time interval between the 
transmission of the transmitted pulse signal and the 
detection of the reflected pulse signal, wherein the dis 
tance from the transmitter to the target location on the 
surface of the formation and back to the detector is the 
time interval between the transmission of the transmit 
ted pulse signal and the detection of the reflected pulse 
signal times the speed of the first pulse signal; 

a means for rotating the transmitter and the detector with 
respect to the axis of the caliper, wherein rotation of the 
transmitter and the detector causes the target location on 
the surface of the formation onto which the transmitted 
pulse signal is incident to rotate with respect to the axis 
of the caliper; 

a means for raising and lowering the caliper in the forma 
tion, wherein raising and lowering the caliper in the 
formation causes the target location on the Surface of the 
formation to raise and lower, respectively; and 

one or more guide cables for guiding the caliper as the 
caliper is raised and/or lowered in the formation, 
wherein the one or more guide cables allow the position 
of the caliper to be controlled as the caliper is raised 
and/or lowered in the formation. 

2. The apparatus according to claim 1, wherein the trans 
mitter comprises a Sonarhead, wherein the Sonar head trans 
mits in the range 50 kHz-300 kHz. 

3. The apparatus according to claim 1, wherein the forma 
tion is a borehole. 

4. The apparatus according to claim 1, further comprising: 
a means for controlling the rotation of the transmitter and 

detector and the raising and lowering of the caliper Such 
that the first pulse signal is incident on a plurality of 
target locations on the Surface of the formation, and a 
means for producing a representation of a portion of the 
formation corresponding to the plurality of target loca 
tions on the surface of the formation onto which the 
transmitter signal is incident. 

5. The apparatus according to claim 1, wherein the trans 
mitter comprises a laser light source. 

6. The apparatus according to claim 1, wherein the one or 
more guide cables are weighted to fall plumb into the forma 
tion. 

7. The apparatus according to claim 6, wherein at least one 
of the one or more guide cables is weighted with an inclinom 
eter for providing an output signal indicative of the orienta 
tion of the at least one guide cable. 

8. The apparatus according to claim 1, further comprising 
a means for raising and/or lowering the caliper up and down 
the at least one of the one or more guide cables by gripping on 
the at least one guide cable. 

9. The apparatus according to claim 8, wherein one or more 
of the one or more guide cables and the cable comprise a 
conductor for transmitting commands and/or power to the 
caliper and for receiving data back from caliper. 
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10. The apparatus according to claim 1, wherein the caliper 

is attached to at least one of the one or more guide cables, 
wherein the means for raising and lowering the caliper com 
prises a means for raising and lowering the at least one guide 
cable attached to the caliper Such that raising and lowering the 
at least one guide cable attached to the caliper raises and 
lowers the caliper. 

11. The apparatus according to claim 1, wherein the means 
for raising and lowering the caliper comprises a cable 
attached to the caliper. 

12. The apparatus according to claim 1, wherein the caliper 
further comprises a compass. 

13. The apparatus according to claim 1, wherein the caliper 
further comprises a gyroscopic stabilizer. 

14. The apparatus according to claim 1, further comprising 
a means for determining the speed of the transmitted pulse 
signal. 

15. The apparatus according to claim 14, wherein the 
means for determining the speed of the transmitted pulse 
signal comprises an object a known distance from the trans 
mitter wherein the speed of the transmitted pulse signal is the 
distance from the transmitter to the object and back to the 
detector divided by the time interval between the transmis 
sion of the transmitted pulse signal and the detection of the 
reflected pulse signal from the object. 

16. The apparatus according to claim 1, wherein the trans 
mitter comprises a Sonarhead, wherein the Sonar head trans 
mits in the range 500 kHz-800 kHz. 

17. The apparatus according to claim 1, wherein the trans 
mitter comprises a Sonarhead, wherein the Sonar head trans 
mits in the range 1.0 MHz-1.5 MHz. 

18. The apparatus according to claim 1, further comprising 
a means for determining the density of a fluid the transmitted 
pulse signal travels into the target location. 

19. The apparatus according to claim 18, wherein the 
means for determining the density of the fluid the transmitted 
pulse signal travels in comprises a pressure measuring device. 

20. The apparatus according to claim 1, wherein the caliper 
further comprises an inclinometer. 

21. The system according to claim 1, further comprising a 
means for mapping the dimensions and topography of the 
formation. 

22. An method for investigating a formation, comprising: 
Suspending a caliper into a formation Such that an axis of 

the caliper is substantially parallel with the longitudinal 
axis of the formation, 

transmitting a transmitted pulse signal from a transmitter 
on the caliper, 

detecting a reflected pulse signal with a detector on the 
caliper, wherein the reflected pulse signal is the trans 
mitted pulse signal reflected from a target location on a 
surface of the formation onto which the transmitted 
pulse signal is incident; 

determining the time interval between the transmission of 
the transmitted pulse signal and the detection of the 
reflected pulse signal, wherein the distance from the 
transmitter to the target location on the Surface of the 
formation and back to the detector is the time interval 
between the transmission of the transmitted pulse signal 
and the detection of the reflected pulse signal times the 
speed of the first pulse signal; 

rotating the transmitter and the detector with respect to the 
axis of the caliper, wherein rotation of the transmitter 
and the detector causes the target location on the Surface 
of the formation onto which the transmitted pulse signal 
is incident to rotate with respect to the axis of the caliper; 
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raising and lowering the caliper in the formation, wherein 
raising and lowering the caliper in the formation causes 
the target location on the Surface of the formation to raise 
and lower, respectively; 

further comprising: 
guiding the caliper on one or more guide cables as the 

caliper is raised and/or lowered in the formation, 
wherein the one or more guide cables allow the position 
of the caliper to be controlled as the caliper is raised 
and/or lowered in the formation. 

23. The method according to claim 22, wherein the forma 
tion has a diameter in the range 1.5 feet to 20 feet. 

24. The method according to claim 22, wherein the forma 
tion is a borehole. 

25. The method according to claim 22, further comprising: 
controlling the rotation of the transmitter and detector and 

the raising and lowering of the caliper Such that the first 
pulse signal is incident on a plurality of target locations 
on the Surface of the formation, and producing a repre 
sentation of a portion of the formation corresponding to 
the plurality of target locations on the surface of the 
formation onto which the transmitter signal is incident. 

26. The method according to claim 22, wherein the trans 
mitter comprises a laser light source. 

27. The method according to claim 22, wherein the trans 
mitter comprises a Sonar head. 

28. The method according to claim 27, wherein the sonar 
head transmits in the range 50 kHz-300 kHz. 

29. The method according to claim 27, wherein the sonar 
head transmits in the range 500 kHz-800 kHz. 

30. The method according to claim 27, wherein the sonar 
head transmits in the range 1.0 MHz-1.5 MHz. 

31. The method according to claim 22, wherein the one or 
more guide cables are weighted to fall plumb into the forma 
tion. 

32. The method according to claim 31, wherein at least one 
of the one or more guide cables is weighted with an inclinom 
eter for providing an output signal indicative of the orienta 
tion of the at least one guide cable. 

33. The method according to claim 22, further comprising 
raising and/or lowering the caliper up and down the at least 
one of the one or more guide cables by gripping on the at least 
one guide cable. 
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34. The method according to claim 33, further comprising 

transmitting commands and/or power to the caliper and for 
receiving data back from caliper via a conductor in one or 
more of the one or more guide cables and/or the cable. 

35. The method according to claim 22, wherein the caliper 
is attached to at least one of the one or more guide cables, 
wherein raising and lowering the caliper comprises raising 
and lowering the at least one guide cable attached to the 
caliper Such that raising and lowering the at least one guide 
cable attached to the caliper raises and lowers the caliper. 

36. The method according to claim 22, wherein raising and 
lowering the caliper comprises raising and lowering the cali 
per via a cable attached to the caliper. 

37. The method according to claim 22, wherein the caliper 
further comprises a compass. 

38. The method according to claim 22, wherein the caliper 
further comprises a gyroscopic stabilizer. 

39. The method according to claim 22, further comprising 
determining the speed of the transmitted pulse signal. 

40. The method according to claim 39, wherein determin 
ing the speed of the transmitted pulse signal comprises posi 
tioning an object a known distance from the transmitter 
wherein the speed of the transmitted pulse signal is the dis 
tance from the transmitter to the object and back to the detec 
tor divided by the time interval between the transmission of 
the transmitted pulse signal and the detection of the reflected 
pulse signal from the object. 

41. The method according to claim 22, further comprising 
determining the density of a fluid the transmitted pulse signal 
travels into the target location. 

42. The method according to claim 41, wherein determin 
ing the density of the fluid the transmitted pulse signal travels 
in comprises measuring the pressure in the fluid the transmit 
ted pulse signal travels in. 

43. The method according to claim 22, wherein the caliper 
further comprises an inclinometer. 

44. The method according to claim 22, wherein the forma 
tion has a diameter in the range 3 feet to 12 feet. 

45. The method according to claim 22, further comprising 
mapping the dimensions and topography of the formation. 
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